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1. Introduction ture at 37°C in 95% air-5% CO2 water-satured atmos- 
phere with or without TSH. 
Arachidonate has been reported to interfere in 
complex fashion with the metabolism of the dog thy- 
roid gland [l]. As in numerous other tissues arachi- 
donate stimulates pro taglandin synthesis butwith a
low conversion rate. Moreover, in thyroid t epresses 
the accumulation of cyclic AMP induced byTSH. 
Arachidonate inhibits thethyroid secretion stimulated 
by low concentrations of TSHbut enhances the iodi- 
nation f proteins  dog thyroid slices. These ffects 
do not depend on prostaglandin conversion, the 
decrease in the stimulation of adenylate cyclase is 
likely tobe due to the unsaturated character of the 
fatty acid but it has been suggested hat he stimula- 
tion of thyroid protein odination is aconsequence of 
an increase in lipoxygenase activity. Our purpose was 
to extend these tudiesfurther to cultured pigthyroid 
cells invarious physiological controled states and to 
draw aparticular attention t  phospholipid metabo- 
lism, protein iodination and cyclic AMP stimulation. 
2 2. Cell washing 
After 1-4 days in culture, c lls were centrifuged 
at 200 X g for 7min. The pellet was resuspended in 
Earle’s solution buffered with 20 mM hepes (pH 7.2) 
and the cells were centrifuged a ain. This washing 
procedure wasrepeated 2 times.After th  last washing, 
the cells were suspended in Earle’s-Hepes buffer 
(PH 7 2). 
2.3 _Cyclic AMP assay 
The results obtained show that he mode of action 
of arachidonate is more complex than described in 
[l] and affects theadenylate cyclase system but also 
the iodinating system and the phospholipid metabo- 
lism . 
Aliquots (400 pl, O.l-0.3 mg protein) of washed 
thyroid cell suspension were air-incubated for 5min 
at 37°C in a final volume of 7001.11 containing Earle’s- 
Hepes buffer (pH 7.2), isobutylmethylxanthine 
(IBMX) (10e3 M) and with or without TSH (40 mU/ 
ml). The incubation wasterminated by addition of 
78 ~1 10 N HC104 and immersion ofthe tubes into an 
ice bath. The cells were homogenized an the cyclic 
AMP content was assayed bythe radioimmunological 
method in [3] except that bound and free ligand 
were separated by precipitation of bound ligand with 
a mixture ofy-globulin (2.5 mg/ml in citrate buffer 
(pH 6.2)) and polyethylene glycol6000 (20 g in 
100 ml water). 
2. Materials nd methods 2.4. Phospholipid assay 
2 .I. Preparation and culture of thyroid cells 
Thyroid cells were isolated from pig lands bya 
discontinuous trypsinization tech ique [2]. Freshly 
isolated c lls, suspended in Eagle’s minimum essential 
medium(pH 7.4) with 10% (v/v) calf serum,penicillin 
(200 units/ml) andstreptomycin sulfate (50pg/ml) 
were cultured,at 2-3 X 1 O6 cells/ml in 100 mm diam. 
plastic Petri d shes (Falcon) not treated for tissue cul- 
Aliquots (500~1,0.1-0.3 mg protein) of washed 
thyroid cell suspension were air-incubated for 2h at 
37°C in final volume of 700 ~1 containing Earle’s- 
Hepesbuffer(pH7.2), [32P]orthophosphate(10pCi). 
The incubation wasterminated by addition of achlo- 
roform-methanol mixture (2: 1, v/v). The phospho- 
lipids were xtracted an analyzed as in [4]. The 
(Pl cpm/mg protein)/(PC cpm/mg protein) ratio s
calculated s anindex of the ‘phospholipid effect’. 
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2 5. myvoid proteins iodination 
The evaluation of the thyroid proteins odination 
by the incorporation of radioiodine in the trichloro- 
acetic a id precipitate of th  cells, were performed as 
described in the legend oftable 1. 
2.6. Other methods and chemicals 
Protein estimation wasperformed according to 
[5] using bovine serum albumin 0.1 M NaOH as 
standard. Aliquots of cells were centrifuged and the 
pellets solubilized n 0.1 N NaOH. Bovine TSH 3.5 U/ 
mg (NIH, TSH Ba) was a gift of the NIH (Bethesda 
MD), [32P]orthophosphate (10 mCi/ml) and Na “‘1 
(2 mCi/ml) were purchased from the CEN Saclay, 
trypsin from Grand Island Biological Co. (Grand Island 
NY), newborn calf serum from Flow Laboratories 
(Irvine), minimum essential medium from Merieux 
(Lyon), dibutyrylcyclic adenosine monophosphate 
from Calbiochem, prostaglandin E, was a gift of Dr 
Pike (Upjohn Co.). Arachidonic acid was purchased 
from Applied Science Labs. Indomethacin wasagift 
from Merck, Sharp and Dohme. 
2.7. Statistical evaluation 
The statistical d fferences werecalculated using 
Student’s -test: themean values oftriplicate de r- 
minations were xpressed with standard errors ofthe 
mean (SEM). 
Experiments were reproduced 2-3-times with very 
similar or identical results. Typical experiments are
described in tables and figures. 
3. Results 
3 .I. Cyclic AMP 
3 .l .l . One day culture 
The time course ofthe ffect ofarachidonate in 
24 
the presence of indomethacin on the cyclic AMP 
responsiveness to TSH (40 mU/ml) of control cells i
shown in fig.1. The same results areobtained in the 
absence ofindomethacin (20 &ml). 
The inhibition is very rapid inonset when the cells 
are stimulated by TSH and incr-eases with the arachi- 
Fig.1. Time course of the effect ofarachidonate on the cyclic 
AMPresponsiveness to TSII by one day cultured control cells. 
After washing (see section 2), the cells were preincubated at 
37°C in Earle’s--Hepes buffer (pH 7.2) in presence ofarachi- 
donate and indomethacin (20&ml). After the indicated pre- 
incubation time, TSH (40 mU/ml) and IBMX (IO-’ M final 
cont.) were added in a total volume of 700 ~1. The incuba- 
tion was pursued 5 min, stopped with HCIO, 10 N and the 
cyclic AMP content determined: (0) control cells + preincu- 
bation in presence ofarachidonate 0.1mM and indometh- 
acin +5 min incubation n presence ofIBMX without TSH; 
(0) control cells + preincubation in presence ofarachidonate 
0.1 mM and indomethacin + 5 min incubation n presence of
TSH and IBMX; (m) control ceils + preincubation in presence 
of arachidonate 1 mM and indomethacin + 5 min incubation 
in presence ofIBMX without TSII; (u) control cells + prein- 
cubation i presence ofarachidonate 1 mM and indometh- 
acin +5 min incubation n presence ofIBMX and TSH. 
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Fig.2. Effect of TSH, PGE,, arachidonate (C20:4) and indo- 
methacin o the cyclic AMP accumulation of 1day cultured 
control cells. After washings the cells were incubated 5 mm 
at 37°C in Earle’ssHepes (pH7.2) in presence ofthe differ- 
ent effecters andIBMX (10m3 M). 
donate concentration: 60% in1 min at 0.1 mM and 
95%inlminatlmM, 
The stimulation by PGE, (10M6 M) of the cyclic 
AMP response of the 1 day control cells demonstrates 
the presence of PC receptors in these cells (fig.2). 
Arachidonate does not stimulate thcyclic AMP 
system of these cells but indomethacin partially 
inhibits theTSH stimulation of the cyclic AMP as we 
already escribed in pig thyroid slices [6] (fig.2). 
3 .1.2. Four day culture 
The age of the culture and the physiological state
of the cells influence thTSH response [7] and the 
arachidonate eff ct. 
The inhibitory character of arachidonate on he 
cyclic AMP responsiveness to TSH (40 mu/ml) 
decreases when the cells were cultured in the presence 
of TSH (0 .l mu/ml). The total inhibition of the TSR 
responsiveness is obtained with a15 min preincubation 
in the presence of 0.25 mM arachidonate (fig.3). 
On the same cells, arachidonate doesnot stimulate 
or very slightly stimulates th  cyclic AMP system of 
control rTSH-treated cells (0.1 mu/ml). Indometh- 
acin does not inhibit theTSH stimulation (40 mu/ml) 
of the control cells (172 9 pmol cAMP/mg protein 
without indomethacin; 167 +1 pmol cAMP/mg pro- 
tein with indomethacin; o trol, 50 +1 pmol CAMP/ 
mg protein) butpartially inhibits theTSH stimulation 
of the TSH-treated cells (667 +20 pm01 cAMP/mg 
protein without indomethacin; 528 214 pmol CAMP/ 
mg protein with indomethacin; o trol, 50 +5 pmol 
cAMP/rng protein). 
Fig.3. Effect of arachidonate on the cyclic AMP responsive- 
ness to TSH of 4 day cultured control cells and TSH (0 .l mu/ 
ml) treated cells. After washings, the cells were preincubated 
15 min 37°C in Earle’s-Hepes in presence ofdifferent con- 
centrations of arachidonate without indomethacin. Then the 
incubation waspursued 5 min in presence ofTSH (40 mU/ 
ml) and IBMX (10m3 M): (0) control cells; (0) control cells + 
TSH (40 mu/ml); (=) TSH-treated c lls; (0) TSH-treated 
cells + TSH (40 mu/ml). 
3.2. Protein odination 
3 2 .l . One day culture 
On control cells atday 1, arachidonate stimulates 
protein odination in a similar m nner whether TSH 
(40 mu/ml) is present ornot (table 1). The situation 
is inverted when TSH (0.1 mu/ml) was present during 
the culture. Thechronic treatment stimulates the 12’1 
incorporation into proteins by 100%. Arachidonate 
slightly active byitself inhibits by 50% the 4-fold 
increase in iodination promoted byTSH (40 mu/ml). 
3.2.2. Four day culture 
The basal “‘1 incorporation into proteins of the 
4 days cultured control cells i maller than the corre- 
sponding values atday 1. TSH (40 mu/ml) is without 
effect onthese control cells. Arachidonate stimulates 
the iodination in these c lls inthe presence or absence 
of TSH (40 mu/ml). The chronic treatment of he 
cells with TSH (0.1 mU/ml) increases the iodination 
level 19times and the acute stimulation w thTSH 
(40 mu/ml) raises it only by 23%. Under these condi- 
tions arachidonate is dramatically inhibitory, the pro- 
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tein-bound io ine d creases by 85% in the absence 
and by 88% in the presence of TSH (40 mu/ml). 
On the same cells, thecorresponding values ofthe 
cyclic AMP content are reported in table 1. 
3.3. 32P incorporation into phospholipids 
3.3 .l . One day culture 
The cell phospholipid labelling is greatly affected 
by culture conditions. The general incorporation of 
]“P]orthophosphate in the phospholipids of thecon- 
trol cells decreases with the duration of the culture 
(table 2). 
Arachidonate increases the general labelling of 
phospholipids at day1 of control rTSH-treated cells 
in the presence or absence ofTSH (40 mu/ml) in the 
incubation media. 
All these g neral modifications are areflexion of 
individual changes inthe labelling of the various phos- 
pholipids. The ‘normal phospholipid effect’ (increase 
of PI/PC labelling ratio) produced inthyroid slices by 
an acute TSH stimulation is decreased or even disap- 
pears incontrol cell cultures. 
With chronically TSH treated cells a new steady- 
state oflabelling, corresponding to thestimulated state 
(high PI/PC ratio) is reached. Then, an acute TSH 
treatment produces a ‘reverse phospholipid effect’ 
(decrease of the PI/PC labelling ratio) (submitted). 
On control or TSH-treated cells, arachidonate h s 
a ‘reverse effect’ on the PI/PC ratio. When TSH and 
arachidonate are present together in the acute incuba- 
tions, the acute TSH effect, if any, is almost masked 
by that of arachidonate on control rTSH-treated 
cells (table 2). 
3.3.2. Four day culture 
Arachidonate decreases thegeneral labelling of 
phospholipids at day4. Arachidonate h s no effect a
day 4 on the PI/PC ratio ofcontrol cells but has a
very strong ‘reverse effect’ on the TSH-treated cells 
(table 2). 
When TSH and arachidonate are present together 
in the acute incubations the very strong ‘reverse 
effect’ on the TSH-treated cells still exists. 
On the same cells, thecorresponding values ofthe 
cyclic AMP content are reported in table 2. The rela- 
tionships between the 32P-incorporation in o phos- 
pholipids andthe stimulation of the cyclic AMP are 
discussed elsewhere (submitted). 
4. Discussion 
The effects of arachidonate on hyroid metabolism 
and its timulation by TSH that we observed with cul- 
tured pig thyroid cells are not as simple tointerpret 
as it appears in [l] with dog thyroid slices. 
We confirmed in our system the inhibition by 
arachidonate of the cyclic AMP accumulation induced 
by TSH but this inhibition is less effective on 4 day 
TSH-treated cells (0.1 mU/ml). 
We confirmed in our system the stimulatory effect 
of arachidonate on protein odination on 1 day cul- 
tured control cells but other results show that he 
mode of action farachidonate on hyroid smore 
complex and depends onthe physiological stateofthe 
cells: 
(1) The inhibitory effect ofarachidonate (0.1mM) 
upon the TSH stimulation of adenylate cyclase 
decreased with the ageing ofthe culture; more so 
as TSH (0.1 mu/ml) was present in he culture. 
Under this condition, at day 4 in the reported 
experiment, the stimulation of cyclic AMP accumula- 
tion by TSH (40 mu/ml) was maximum (25-fold) and
there was no more effect of0.1 mM arachidonate. 
Nevertheless, a verystrong inhibition was obtained 
with 0.25 mM arachidonate. We confirmed that his 
effect was inhibited n ither by indomethacin nor by 
Etya (not shown), soit appeared that he metabolites 
of arachidonate wernot involved in this inhibition. 
In our system, exogenous arachidonate doesnot 
stimulate or very slightly stimulates th  cyclic AMP 
system in a 15 mm experiment. On the same system 
it was found [8] that control cultured pigthyroid 
cells accumulated 6-lO-times more PGE2 than TSH- 
treated cells. Thedepressive eff ct ofTSH they 
observed on the PG synthetase activity wasin contrast 
with that obtained [9] on the rat hyroid PGsynthe- 
tase activity after invivo treatment. 
In our system, the cyclic AMP responsiveness to 
TSH in the presence of indomethacin shows that he 
PG synthetase activity wasgreatly affected by the 
culture conditions. I domethacin d minished the
cyclic AMP responsiveness to TSH of 1 day cultured 
control cells (33%) but not of 4 day cultured control 
cells. On the TSH-treated cells (0.1 mu/ml), indo- 
methacin hibited hecyclic AMP responsiveness to 
TSH of 1 day and 4 day cultured c lls by18% and 
2 l%, respectively. 
So, with cultured pigthyroid cells, theinterpreta- 
tion is quite different if weconsider thebasal PGsyn- 
27 
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thetase activity or the PC synthetase stimulation 
potential by an ‘acute’ high concentration of TSH. 
(2) We confirmed in our system the stimulation by 
arachidonate of the thyroid proteins odination 
of 1 day or 4 day cultured control cells. 
However, weobtained an inhibition by arachidonate 
of the iodination level when TSH (0.1 mu/ml) was 
present during the culture or when TSH (40 mu/ml) 
was present during the incubation. Arachidonate 
(0.1 mM) was dramatically inhibitory on 4 day TSH- 
treated cells iodination. Our results show that here is
no direct orrelation between the iodination of the 
proteins a dthe stimulation of the cyclic AMP. Indeed, 
we observed that when the cells were submitted o 
acute TSH stimulation, protein odination was more 
sensitive o arachidonate inhibition than cyclic AMP 
level. In some experiments theformer was strongly 
inhibited whereas the latter is not affected. We suggest 
two modes of action farachidonate: 
(i) That related to the unsaturated character of the 
fatty acid affecting the adenylate cyclase stimula- 
tion and the subsequent CAMP dependent events; 
(ii) That more distal and interacting w ththe iodinat- 
ing system. 
‘Peroxidases could provide a new pathway of arachi- 
donate metabolism besides cyclooxygenase and 
lipoxygenases’ [IO];our results arecompatible with 
this hypothesis. In [ll] we demonstrated a lack of 
correlation between the increase in the free arachi- 
donate pool and its incorporation into prostaglandins. 
In [I 2,I 31 our esults [6]on the PC production under 
an acute TSH stimulation of the phosphatidylinositol 
(PI) metabolism were confirmed. Specific PI phos- 
pholipases demonstrated and characterized in pig thy- 
roid plasma membranes [ 12,131. So the arachidonate 
liberated by the hormone action: 
1. Is a substrate forcycloxygenase and lipoxygenase; 
2. Could modulate he thyroid activity by interacting 
3 
directly with the TSH receptors  adenylate 
cyclase system; 
Could modulate he thyroid activity after reacyla- 
tion of plasma membrane phospholipids or modifi- 
cation fthe membrane phospholipids metabolism 
as described h re; 
4. Could modulate he iodination process via new 
arachidonate me abolite [lo]. 
Here we show that he arachidonate control of the 
iodination process can be positive or negative varying 
with the physiological stateofthe thyroid, andis not 
in direct relation with cyclic AMP system stimulation. 
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